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Abstract

Objectives: General anesthesia is preferred in most otorhinolaryngologic surgeries. The aim of the present study was to evaluate
upper airway complications secondary to intubation including sore throat, cough, dysphonia, and dysphagia considering endotra-
cheal tube (ET) cuff pressure, tube diameter, and duration of intubation.

Methods: After the assignment of 67 patients to the study and control groups, ET cuff pressure was adjusted to be between 20
and 30 cm H,0 using a cuff pressure manometer in the study group. In the control group, the cuff pressure was decided by the an-
esthesiologist using the conventional palpation method. Sore throat, cough, dysphonia, and dysphagia were compared between
the groups at 4, 8, and 24 h postoperatively.

Results: Cuff pressure was significantly higher in the control group than in the study group. In the control group, sore throat was
more frequently observed at 4, 8, and 24 h, whereas in the study group, cough and dysphonia were more often observed at 4 and
8 h. At 4 and 8 h, cough was found to be related to the duration of intubation.

Conclusion: Arrangement of cuff pressure using a cuff manometer is suggested to decrease complications of the upper airway
secondary to intubation because of the higher rate of these complaints in patients whose cuff pressure is arranged by the conven-
tional palpation method.
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General anesthesia is widely preferred in otorhinolar-
yngology surgery. It provides advantages in terms of
both patient and physician comfort, but may cause post-
operative complaints due to intubation. Intubation of pa-
tients after anesthesia induction and inflation of the endo-
tracheal tube (ET) cuff prevent aspiration of liquids, such
as intraoral secretions and blood, into the lower airways,
leakage of inhalation anesthetics, and also ensure good
ventilation of the patient.

However, the pressure applied by the ET cuff to the inner
wall of the trachea may cause relatively mild upper respira-
tory tract complications, such as sore throat, cough, hoarse
voice, and cough, and it may lead to the development of
more severe complications, such as ischemia, ulceration,
necrosis, tracheoesophageal fistula, and even tracheal
rupture in patients with prolonged intubation.™ For short-
term operations not exceeding a few hours, severe post-
operative airway complications related to ET cuff pressure
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are not mostly encountered, but complaints, such as sore
throat, cough, and hoarseness, may be uncomfortable for
postoperative patients, surgeons, nurses, and assistants.
Therefore, we aimed to investigate the effects of ET cuff
pressure on postoperative airway complications and dys-
phagia.

Methods

This was a prospective controlled study. Patients who un-
derwent surgery under general anesthesia with various
indications between November and December 2017 in
the Otorhinolaryngology and Head & Neck Surgery Clinic
of our hospital were included in the study. There were 39
male and 28 female patients. The study was approved by
the ethics committee of Sisli Etfal Research and Training
Hospital. Adult patients aged >18 years who were hospital-
ized for surgery to be performed under general anesthesia
were evaluated for their eligibility.

Patients scheduled for direct laryngoscopy and biopsy,
microlaryngoscopic surgery, tonsillectomy, adenoidecto-
my, triple biopsy, and surgeries in the oral cavity, such as
soft palate and trachea, oropharynx, hypopharynx, larynx,
and trachea; with a history of allergy, asthma, reflux, upper
respiratory tract viral or fungal infections, and cancer sur-
geries; who received radiotherapy; and who underwent
intubation trials for more than once within the previous
year were excluded from the study. Patients scheduled for
tympanoplasty and tympanomastoidectomies, stapes sur-
gery, septoplasty, septorhinoplasty, endoscopic sinus sur-
gery, excisional biopsies from the neck, surgical interven-
tions not involving the oropharynx, hypopharynx, larynx,
and trachea were included in the study. The patients were
informed about the study. Informed consent was obtained
from the patients.

The patients were not medicated before surgery. Stan-
dard general anesthesia was delivered by the same anes-
thesiologist. Propofol and rocuronium were preferred for
induction of anesthesia. Anesthesia was maintained with
sevoflurane and intravenous remifentanil in the oxygen-air
mixture. Nitrogen protoxide was not used.

Age, sex, duration of intubation in hours, number of at-
tempts for intubation, extubation time, diameter of the ET,
and the type of the operation performed were recorded.

The patients were divided into two groups as the study and
control groups. The study group patients were intubated
after the ET cuff pressure was adjusted using a hand-type
cuff pressure gauge (Tracoe cuff pressure monitor; Tracoe
medical GmbH, Nieder-Olm, Germany) to 20-30 cm H,0
pressure that was controlled three times until extubation.
In the control group patients, after intubation, the pressure
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of the ET cuff was controlled and adjusted by palpation by
the anesthesiologist.

During surgery, cuff pressures were randomly measured
three times using the same hand-held cuff pressure gauge
(Tracoe cuff pressure monitor). The pressure was not inter-
vened. The mean of three measurements was calculated as
the average cuff pressure. At the end of the operation, pa-
tients were extubated and awakened in the postoperative
care unit. Patients without nausea and vomiting symptoms
who recovered their consciousness were transferred to our
clinic.

Peroral paracetamol (15 mg/kg/dose every 4 h) was started
routinely in all patients. Patients were allowed to start oral
food intake at 4 h postoperatively. All patients (study and
control group) were evaluated for intubation-related com-
plications at 4, 8, and 24 h postoperatively. Sore throat was
questioned using the Visual Analogue Scale (VAS) scores
ranging between 0 and 10 points (0 minimum and 10 maxi-
mum). Complaints of annoying and tickling cough, muffled
or hoarse voice, and difficulty in swallowing of liquid and
solid foods were recorded as present/absent, and the find-
ings of all patients were transferred to the computer-based
data system.

Statistical Analysis

Statistical analysis was made using SPSS version 15.0
for Windows. Descriptive statistics were expressed as
numbers and percentages for categorical variables. Stu-
dent's t test was used for comparison of independent two
groups of numerical variables with normal distribution.
Mann-Whitney U test was used for comparison of numer-
ical variables with non-normal distribution. Chi-square
test was used for comparison of the rates in both groups.
Monte Carlo simulation was applied when conditions
could not be met. A p value of <0.05 was accepted as sta-
tistically significant.

Results

This prospective controlled study was conducted between
November and December 2017 at the Otorhinolaryngolo-
gy and Head & Neck Surgery Clinic of our hospital. A to-
tal of 67 (39 male and 28 female) patients aged between
18 and 59 years who were operated under general anes-
thesia were included in the study. Of the patients, 31 (17
males and 14 females) were included in the control group,
and 36 (22 males and 14 females) in the study group. The
mean ages were 34.5+12.9 years in the control group and
35.7+£10.6 years in the study group. There was no statisti-
cally significant difference between the groups in terms of
gender and mean age (p>0.05; Table 1).
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Table 1. Comparisons between the study and control groups for age, gender, duration of intubation, and endotracheal tube cuff pressure

Study group Control group
n % n % p
Gender
Male 22 61.1 17 54.8 0.604
Female 14 38.9 14 45.2
Mean+SD Min-Max Mean+SD Min-Max p
Age (year) 35.7£10.6 18-59 345+12.9 18-57 0.698
Duration of intubation (min) 91.9+45.0 35-202 111.1+44.8 55-210 0.043
Cuff pressure (cm H,0) 25.6+2.1 20-30 39.846.9 31-60 <0.001
SD: standard deviation; min: minimum; max: maximum
) study group (p=0.043; Table 1). When the groups were
Table 2. Comparison between the study and control groups for .
diameter of the endotracheal tube (mm) compared in terms of the cuff pressures of the ET, the
mean cuff pressure estimated in the control group was sta-
Study group Control group e o . .
tistically significantly higher than that in the study group
mm n % n % P (p<0.001; Table 1). A statistically significant difference was
Diameter of the 7 6 167 9 290  0.074 not detected between the groups as for diameter of the ET
endotracheal tube 7.5 11 306 10 323 (p>0.05; Table 2).
8 19 528 9 290 The mean VAS scores of the patients in the control group
8.5 0 0.0 3 9.7

The mean duration of intubation was 91.9+45.0 and
111.1£44.8 min, respectively. The duration of intubation
was significantly higher in the control group than in the

were significantly higher than those in the study group
(p<0.001, p<0.001, and p<0.001, respectively; Table 3).

When the groups were compared in terms of postopera-
tive cough, this complaint was statistically significant in the

Table 3. Intergroup comparisons of the mean VAS scores of sore throat

Study group Control group
Mean+SD Min-Max Mean=SD Min-Max P
Pain 4. hour 3.22+2.03 0-8(3) 5.87+1.86 3-10(6) <0.001
8. hour 2.22+1.84 0-6 (2) 4.52+1.86 19 (4) <0.001
24. hour 1.11£1.28 0-4(1) 3.35%£1.92 0-8(4) <0.001
SD: standard deviation; min: minimum; max: maximum
Table 4. Comparison between the study and control groups for cough, dysphagia, and dysphonia
Study group Control group
n % n % p
Cough 4. hour 8 222 26 83.9 <0.001
8. hour 3 83 16 516 <0.001
24. hour 2 5.6 4 129 0.404
Dysphagia 4. hour 8 222 17 54.8 0.006
8. hour 5 13.9 7 226 0.355
24. hour 2 5.6 5 16.1 0.236
Dysphonia 4. hour 7 194 19 61.3 <0.001
8. hour 1 28 7 226 0.020
24. hour 1 28 2 6.5 0.592
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Table 5. Evaluation of the correlation between mean sore throat
and duration of intubation

Duration of
intubation
rho P
Study group Pain 4. hour 0.174 0.310
8. hour 0.251 0.140
24. hour 0.126 0.465
Control group Pain 4. hour 0.133 0.474
8. hour 0.254 0.168
24. hour 0.099 0.596

control group patients at postoperative 4 and 8 h compared
with the study group (p<0.001 and p<0.001, respectively).
There was no significant difference between the groups as
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for the complaint of cough at postoperative 24 h (p>0.05;
Table 4). The complaint of dysphagia was significantly more
frequently encountered in the control group at postoper-
ative 4 h than in the study group (p=0.001). There was no
statistically significant difference in the rates of dysphagia
in the groups at postoperative 8 and 24 h (p>0.05; Table 4).

The patients in the control group complained of hoarse-
ness statistically significantly more frequently at postoper-
ative 4 and 8 h than those in the study group (p<0.001 and
p=0.02, respectively). No significant difference was found
between the groups in terms of hoarseness at postoper-
ative 24 h (p>0.05; Table 4). There was no statistically sig-
nificant correlation between the study and control groups
as for the mean VAS scores of sore throat and duration of
intubation (p>0.05; Table 5).

Table 6. Comparison between mean duration of intubations in patients with and without complaints of cough, dysphagia, and

dysphonia
Duration of intubation
Study group Control group
Mean£SD Median MeanzSD Median
Cough 4. hour Yes 134.0+48.8 130 107.0+41.2 100
No 79.91£36.6 65 132.6+61.5 133
p 0.009 0.360
8. hour Yes 155.7+48.6 160 105.9+37.3 97.5
No 86.1+£40.7 70 116.7£52.4 105
p 0.034 0.770
24. hour Yes 132.5+38.9 132.5 135.0+40.2 117.5
No 89.5+44.7 70 107.6+45.0 90
P - 0.132
Dysphagia 4. hour Yes 95.0+39.3 102.5 110.4+44.6 105
No 91.0+47.2 70 112.0+46.7 100
p 0.689 0.842
8. hour Yes 88.0+33.3 105 111.0£36.6 110
No 92.5+47.1 70 111.2+47.6 100
p 0.891 0.776
24. hour Yes 115.0+£14.1 115 92.0+£20.8 20
No 90.5+45.9 70 114.8+47.5 105
P - 0.848
Dysphonia 4. hour Yes 123.9+52.9 105 115.2+46.8 110
No 84.2+40.2 70 104.8+42.6 925
p 0.052 0.597
8. hour Yes 105 105 122.9+45.8 120
No 91.5+45.6 70 107.7+44.9 100
P - 0.381
24. hour Yes 105 72.5£10.6 725
No 91.5+45.6 70 113.8+45.1 105
p i, _

SD: standard deviation
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Table 7. Evaluation of the correlation between mean pain scores
of sore throat with diameter of the endotracheal tube

Diameter of the
endotracheal tube

rho P
Study group Pain 4. hour 0.110 0.522
8. hour 0.185 0.280
24. hour 0.163 0.341
Control group Pain 4. hour 0.002 0.993
8. hour -0.054 0.772
24. hour -0.100 0.594

The mean intubation time of patients with postoperative
complaints of cough, dysphagia, and hoarseness was com-
pared with patients without these complaints, and in the
study group, intubation times in patients with complaints
of cough at 4 and 8 h were found to be significantly high-
er than those in patients without complaints of cough
(p=0.009 and p=0.034, respectively; Table 6).

There was no statistically significant correlation between

mean VAS scores of postoperative sore throat and ET diam-
eter (p>0.05; Table 7).

When the patients were grouped according to ET diame-
ter (7, 7.5, 8, and 8.5 mm) and then compared according to

postoperative cough, dysphagia, and hoarseness, any sta-
tistically significant difference was not detected between
the groups (p>0.05; Table 8).

Discussion

General anesthesia is a type of anesthesia that is frequently
preferred in the field of otorhinolaryngology. Although this
type of anesthesia is preferred for patient's better compliance
with the surgical treatment and the comfort of the physician,
the pressure of the ET cuff to the tracheal mucosa may cause
serious complications, such as mucosal ischemia, ulceration,
necrosis, tracheoesophageal fistula, or tracheal rupture™
as well as mild but disturbing complications, such as sore
throat, cough, and dysphonia. Patients with dysphagia have
also been reported although the main complaints are related
to the airway.® After the insertion of the ET into the larynx,
the cuff of the tube is inflated, and the patient's breathing
is ensured by mechanical or manual ventilation throughout
the operation. Although measurement of the pressure after
inflating the ET cuff has been recommended, this practice
is not routinely performed in many hospitals.” In the litera-
ture, it has been suggested to keep the ET cuff pressure in the
range of 15-25 mmHg to reduce tracheal morbidity.®

This pressure range corresponds to approximately 20-33
cm H,O pressure. ET cuff pressure is usually adjusted by

Table 8. Grouping of the patients according to tube diameter and intergroup comparisons for complaints of cough, dysphagia, and

dysphonia
Diameter of the tube (mm)
7 7.5 8 8.5
n % n % n % n % P
Cough 4. hour Study 0 0.0 3 27.3 5 26.3 0.562
Control 8 88.9 7 70.0 8 88.9 3 100 0.685
8. hour Study 0 0.0 1 9.1 2 10.5 1.000
Control 6 66.7 2 20.0 6 66.7 2 66.7 0.113
24. hour Study 0 0.0 1 9.1 1 53 1.000
Control 2 22.2 1 10.0 1 11.1 0 0,0 0.885
Dysphagia 4. hour Study 0 0.0 3 273 5 26.3 0.562
Control 6 66.7 5 50.0 3 333 3 100 0.223
8. hour Study 1 16.7 1 9.1 3 15.8 1.000
Control 1 11.1 4 40.0 1 11.1 1 333 0.389
24. hour Study 0 0.0 2 18.2 0 0.0 0.109
Control 1 111 3 30.0 1 111 0 0.0 0.689
Dysphonia 4. hour Study 2 333 1 9.1 4 21.1 0.545
Control 7 77.8 5 50.0 7 77.8 0 0.0 0.068
8. hour Study 0 0.0 1 9.1 0 0.0 0.476
Control 3 333 2 20.0 2 22.2 0 0.0 0.876
24. hour Study 0 0.0 1 9.1 0 0.0 0.476
Control 1 1.1 0 0.0 1 1.1 0 0.0 0.619




294

palpating the cuff depending on the personal experience
of the anesthesiologist. Sole et al.® reported that the palpa-
tion method can be adjusted to 15-25 mmHg in only 54%
of the patients (20-33 cm H,0). According to Svanson et
al.’, cuff pressure was detected to be >30 mmHg (40.7 cm
H,0) in 58% of the patients adjusted with this technique. It
has been reported that perfusion decreases, and ischemia
occurs in the tracheal mucosa when the cuff pressure in-
creases to >30 cm H,O.l"™

In the present study, cuff pressure was kept <30 cm H,O.
In addition to cuff pressure in intubation-induced tracheal
morbidity, the duration of intubation and the diameter of
the ET were also reported to be effective factors.""'? For
these reasons, we aimed to investigate the effects of ET cuff
pressure, ET diameter, and duration of intubation on post-
operative airway complications in patients undergoing
general anesthesia in our clinic for operations not involving
the oropharynx, hypopharynx, and larynx including tym-
panoplasty, tympanomastoidectomy, stapes surgery, neck
mass excision, septoplasty, rhinoplasty, and endoscopic si-
nus surgery.

The mean cuff pressures were 25.6+2.1 cm H,O in the study
group and 39.8+6.9 cm H,0O in the control group. ET cuff
pressure was found to be significantly higher in the control
group in which the anesthesia specialist used the palpation
technique than in the study group patients for whom ma-
nometer was used. Not using the manometer resulted in
the overinflation of the cuff. In the literature, a correlation
was found between high cuff pressure and sore throat due
to tracheal irritation within the first 24 h.M

Consistent with this, in the present study, the mean VAS
scores of sore throat at 4, 8, and 24 h in the control group
patients were statistically significantly higher than those
in the study group. However, it has been reported that ET
tubes with large diameters are trapped inside the trachea
lumen, and the prolonged mucosal contact with the tube
can cause sore throat."® Although sore throat was more
frequently reported in patients intubated with larger ETs
(9 and 8.5 mm) than in those with smaller ETs (7.5 and 7
mm),I"3 there was no correlation between sore throat and
ET diameter in the present study. This may be due to the
fact that 73.1% of the patients were intubated with rela-
tively small diameter ETs (7.5 and 8 mm). When the dura-
tion of intubation was compared with the development of
postoperative sore throat, no significant relationship was
found in both the study and control group patients.

An irritating, annoying cough due to tracheal irritation
and inflammation is another common complaint after in-
tubation. Mechanical irritation and inflammation of the
tracheal mucosa trigger cough by activating sensory re-
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ceptors.'"¥ Post-extubation cough, hemodynamic changes,
arrhythmia, and increases in intraocular and intracranial
pressures may cause undesirable results, such as broncho-
spasm.™ According to the literature, the rate of cough sec-
ondary to intubation varies between 40% and 96%.1"¢!

In the present study, annoying cough was observed in
83.9% and 51.6% of the control group patients at 4 and 8 h
postoperatively, respectively. No significant difference was
found between the groups at 24 h postoperatively regard-
ing the rates of cough.

A significantly higher frequency of cough seen in the con-
trol group may be explained by higher cuff pressure in the
control group, whereas the duration of intubation was
found to be statistically significantly longer in patients with
complaints of cough at postoperative 4 and 8 hin the study
group where ET cuff pressure was kept at low levels than in
patients without complaints of cough at these time points.
However, no relationship was found between the forma-
tion of cough and the diameter of ET. Therefore, while high
cuff pressure appears to be effective in the formation of
cough, low cuff pressure that is effective for a long time
also gives the impression of triggering cough formation.

In the present study, complaints of hoarse or muffled voice
similar to complaints of cough were observed significant-
ly more frequently in the control group patients with high
cuff pressure at 4 and 8 h postoperatively. According to
the literature, changes in voice after intubation were asso-
ciated with high ET cuff pressure.'”? However, it is expect-
ed that the ET cuff will not cause dysphonia because it is
inflated below the vocal cord level during intubation. The
main cause of changes in the voice was the mechanical
trauma of the tube during endotracheal intubation and
edema of the vocal cords due to abrasion.™

However, excessive inflation of the ET cuff may cause the
lower surfaces of the vocal cords to come into contact with
the cuff. This may explain the significant alterations in voice
in patients intubated with high ET cuff pressures. Recurrent
attempts at intubation can also cause mechanical damage
to the vocal cords. However, in the present study, patients
in whom intubations were attempted more than once were
excluded from the study. Any correlation was not found be-
tween duration of intubation, ET diameter, and dysphonia
at postoperative 4, 8, and 24 h.

Although in the absence of an airway complication, dys-
phagia is a complaint that can be encountered after intuba-
tion. It has been reported that it may be due to mechanical
trauma caused by ET or laryngeal retractor.'® In the pres-
ent study, the rates of dysphagia were 54.8% and 22.2%
at 4 h after extubation in the control and study groups,
respectively. This difference was statistically significant. A
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significant difference between both groups could not be
detected at postoperative 8 and 24 h for dysphagia. A sig-
nificant relationship was not detected between intubation
time and ET diameter and dysphagia. Although difficulty
in swallowing is higher in the early postoperative period in
the control group patients with high cuff pressure, we think
that it would be appropriate to increase the sample group
and randomization in order to correlate this complaint with
the increased cuff pressure.

The most important limitation of our study is that objective
methods cannot be used to evaluate the complications af-
ter intubation. Complaints of patients could only be evalu-
ated subjectively.

Conclusion

Although general anesthesia is the frequently preferred
type of anesthesia in the surgical treatment of ear, nose,
and throat diseases, complaints secondary to intubation
are uncomfortable for both the patient and the physician
during the postoperative period. In the present study, we
think that the adjustment of the cuff pressure by using the
manometer is important in decreasing these complica-
tions, especially in patients with complaints of sore throat,
cough, and dysphonia that are more frequently found in
patients whose ET cuff pressure is >30 cm H,0.
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